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    A decline in per capita rice consumption has been observed in
East Asian countries in recent years. This trend started in the early
1960s in Japan after reaching the peak in rice consumption around
1962. The same trend started jn the early 1970s in Taiwan. When the
disposable income increases as a result of rapid economic growth,
there seems to be a tendency to observe this declining trend. As other
Asian countries make a progress in economic development, it is likely
that these countries would follow the East Asian path of rice con-
sumption. Therefore, the analysis of rice consumption in East Asia
would produce important policy implications for what might happen
in the future in rice consumption of other Asian countries. The
purposes of this paper are to review the recent changes in rice
consumption as well as the shifts in agricultural policies and to
understand the structure of the demand system in Taiwanese house-
holds as an effort to examine East Asian experiences in the changing
pattern of rice consumption.
   Rice price policies in Taiwan are reviewed first. This is to
understand the environments surrounding rice consumption in Ta-
iwan. Next, the characteristics of rice consumption are summarized.
Chronological changes in consumer behavior are examined there.
The following section deals with the estimation of price and income
elasticities under the framework of an Almost Ideal Demand System
(AIDS) model using aggregated time series data based on non-farm
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and farm household expenditure surveys.
Characteristics of the Agricultural Economy in Taiwan
   The Republic of China has achieved an economic success through
industrialization and international trade. Its per capita Gross
National Product (GNP) became as high as $ 10,196 in 1992. The
agricultural sector has played different roles over time as the econ-
omy has grown. When the reorganization of the agricultural sector
was completed in 1953 by finaiizing the land reform introduced after
World War II, the agriculture's share in Gross Domestic Product
(GDP) was approximately 34 percent. The agriculture's employment
share was about 56 percent and the agriculture's export share was
over 90 percent. In 1992 the agriculture's share in GDP was 3.5
percent. In the same year the agriculture's employment share was
about 12 percent and the agriculture's export share was less than 5
percent. In the international trade Taiwan used to be a net exporter
of agricultural products, but since 1970 this country has been a net
lmporter.
   The agricultural production grew steadily throughout the 1950s
and 1960s. This sector achieved the annual average growth rate of
nearly 5 percent. With the condition of limited supply of additional
land in Taiwan, the source of growth for crop production which
occupied more than 60 percent of total production in this period was
the increase in yields through the introduction of new varieties and
the employment of modern inputs such as chemical fertilizer and
machineries. The rice share in total production measured in values
was declining from around 40 percent in the middle of the 1950s to
nearly 30 percent by the end of 1960s. The diversification of agricul-
tural production was the reason for this decline. The absolute level
of rice production was kept high by the rice-fertilizer barter policy in
spite of the existence of the government controlled iow rice purchas-
ing prices. The emergence of part-time farmers was observed in this
period as industrial development was initiated. By the end of the
1960s about 70 percent of farmers became part-time farmers. How-
ever, the movement of labor force from rural to urban was not then
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significant.
   From the latter part of the 1960s till the middle of the 1970s, the
agricultural production was started to face a low growth. The aver-
age annual growth of this sector was declined to be almost 2 percent.
An only exception was animal production which achieved an annual
growth of over 8 percent. The rice production level measured in the
form of brown rice (for paddy rice) stayed almost constant at the
level of 2.2 to 2.5 million tons per year in this period. One major
reason for this phenomenon was the shortage of labor force in this
sector as a result of the outward migration of rural workers caused
by the rapid industrialization in urban areas. The deterioration of the
terms of trade in the agricultural sector accelerated this movement.
   There existed a significant change in the government rice policy
at the end of this period in response to the stagnation in crop
production and to the worsening of the welfare of farmers. The rice
-fertilizer barter program was abolished in 1973 and the cheap food
policy was also abandoned by raising government rice purchasing
prices more than three times in 1975. These marked a change in the
ro}e of agriculture in the Taiwanese economy. Prior to these events
the role was to support industrialization by provjding the labor force
and financial resources through paying indirect taxes with intention-
ally low product prices. Thereafter the agricultural sector became a
protected and subsidized sector. The reverse flow of resources from
the public sector to the agricultural sector has been observed since
the shifts. A combination of policy instruments such as guaranteed
prices, buffer stock schemes, deficiency payments, and import con-
trols has been reenforced for farm income support and food security
purposes. The compulsory rice purchasing prices had been lower
than the market prices until 1974. However, the government prices
started to be higher than the market prices since 1975. The guaran-
teed price was set to the level which was 20 percent higher than the
production costs. Plus, the government set no limit on the amount of
the government purchase during the period between 1974 and 1977.
The rice production measured for brown rice was 2.71 million tons in
1976 and reached its peak in response to the favorable market
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conditions created by these government policies. After all, the gov-
ernment introduced the limit on its rice purchase in order to cope
with the suddenly emerged financial burden from the generous pur-
chasing policy. The purchasing quantity was set to be 970 kg per
hectare per crop. The rest of rice was either sold to the government
for lower regular procurement prices or traded through private
channels. The guaranteed price of paddy rice was NT $ 10 per kg in
1974. It became NT $ 11.5 in 1975 and remained the same until until
1978. Then, it was changed into NT $ l2.9 in 1979, and was again
switched to NT $ 18.8 in 1982. This lasted until 1988. The guaranteed
rice price became NT $ l9 per kg in 1989 and has been kept this level
up to now. The government procurement rice has been sold to the
military and government officials for the prices higher than the
market prices.
    The period from the middle of the 1970s to present is considered
as a period of adjustment for the agricultural sector in Taiwan.
Efforts have been made to enlarge the originally small operation size
and to diversify its initially rice dominant agricultural production.
Because of the existence of the price support policy and the import
restriction for rice, the domestic rice prices have been kept much
higher than the international rice market prices. Despite the intro-
duction of liberalization measures for other crops, the rice market
has been protected by the reasons of rural development and national
food security.
   As a part of adjustment measures, in 1984, the six-year rice-crop
substitution plan was initiated and its implementation process start-
ed. This was to cope with the surplus problem of rice. The conver-
sion of rice to other crops was attempted starting in the latter part
of the 1970s on voluntary basis. Farm extension workers encouraged
farmers to grow other crops, but it was not so much a success. The
new plan provided the direct subsidy of one ton of rice per hectare to
the converted farmers when they shifted their production to corn,
sorghum, or soybeans. Also, the guaranteed purchase prices were set
for these crops for the converted farmers. Furthermore, the rice
farmers who changed to produce the other crops than corn, sorghum,
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and soybeans were able to obtain 1.5 tons of rice per hectare of the
conversion from the government. The number of participating
farmers increased year by year. The production of rice was declined
to 1.84 million tons in 1988. This was a 32 percent reduction in total
rice production in comparison with the peak year's rice production of
2.71 tons. This program is still in effect.
   A new system was introduced into this conversion plan in 1988.
A cash payment system replaced the paid-in-kind method for the
reasons of reducing the government's program management costs
and of increasing the direct benefits of the converting farmers. NT
$ 16,500 per hectare was granted for the farmers who used to receive
one ton per hectare of rice conversion. For the farmers who used to
get 1.5 tons per hectare of conversion were started to receive NT $
24, 750. Furthermore, the limit on the government purchase with the
guaranteed price was increased to 1400 kg per hectare and the
additional procurement quantity which gave higher prices than the
market price was set to 1000 kg per hectare starting 1989. These
were to provide more income to rice producers.
   The food stabiiization fund, which was established in 1974, was
abolished in 1989 with the total loss of NT $ 81 billion in the transac-
tion of buying and selling rice for the purpose of rice price stabiliza-
tion, A conflict between two djfferent government programs exists
now. The guaranteed price scheme encourages farmers to keep
producing rice and the rice crop conversion program promotes
farmers to grow other crops. The former is important to support
farm income and the latter is critical to reduce the government
financial burden from the rice price support program and to cope
with the condition of rice surplus.
Rice Production
   Self-sufficiency in rice has been realized in Taiwan for a long
time. It was the case even before World War II. Excess rice has been
exported. Since the domestic rice prices have been substantially
higher than the international rice prices, the differences in these
prices have been financed by the government in the form of export
29
 Figure 1 Ayailability of Rice for Domestic Consumers in Taiwan,
           1970-1989 (per capita annual data)
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subsidies in recent years. Excess rice has also been started to be
utilized as animal feed since 1984. The government introduced a rice
cultivation conversion policy in 1978 to reduce the amount of rice
production. As a result of a package of adjustment policies, the rice
production measured in the form of brown rice was reduced to 1.63
million tons in 1992. This is almost two-third of what Taiwan was
producing at the peak in the middle of the 1970s.
Rice Consumption
   A rapid decline in per capita annual rice consumption has been
observed for the past 15 years in Taiwan. Until the latter part of the
1970s it had stayed around 130 kg. It became 101 kg in 1980. In 1985
it was 81 kg. Then in 1992 it was observed to be 64 kg. A 51 percent
reduction in per capita annual rice consumption has been observed
for the past 15 years. Figure 1 shows this declining trend in rice
consumption. This resulted in a declining share of rice in daily
calorie in-take summarized in Figure 2. The substitution of other
foods to cereals has been also observed over time for the past two
decades.
Rice Demand System Analysis
   An analysis of demand elasticities is conducted here using
expenditure surveyed data for non-farm households and farm house-
holds in Taiwan. This is to examine economic factors explaining the
decline in rice consumption jn Taiwan.
(a) Basic Model
    The general form of the share equations derived from the Linear
Approximate Almost Ideal Demand System (LA/AIDS, Deaton and
Muellbauer) is specified as
Wi = ai+tF.,dijlnPj+6i ln(pX,) (1)
    where Wi stands for the share of expenditure on food item i; Pj
is the price of food item j; and (-il.li.-) represents the real expenditure
on the food items in question. P' shows the level of prices which can
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be derived using an approximation method called Stone's geometric
price index. The employment of this index makes the empirical
estimation of (1) simpler because of its linearity.
      nlnP'=2WilnPi (2)     j=1
   Based on the estimated parameters the price(oij) and expenditure
 (ijix) elasticities are estimated using the estimated parameters. The
formulae of' the Marshallian price and expenditure elasticities
(Chalfant) for the LA/AIDS model are
       6il          -B, (3)17ii=-1+     W,rp,, =<ilS'j -B, W.･i. (4)
        B,                                           (5)77ix= 1 +        W,
(b) Estimation and Results
   For the empirical estimation, equation (1) was estirnated using
time series data. The data were obtained from the published sources.
The data on prices were obtained from various issues of Commoddy
-Price Statistics Monthly (Directorate-General of Budget, Account-
ing, and Statistics). For non-farm and farm household expenditure
survey data, Roport on the Survay of Eamily Income and ExPenditure
(Department of Budget, Accounting, and Statistics) was the major
source of the necessary information. The data from 1974 through
1992 were utilized. No rice consumption data accounting for differ-
ences among different quality of rice were available.
   A rice demand system was estimated in two stages for the non-
farm and farm survey data. In the first stage, consumption items
were grouped into two groups. One is food and the other is non-food.
Then, the second stage covered rice and non-rice food items.
   Imposing the symmetry and homogeneity conditions, the estima-
tion share equation was set to have the following form to have more
degree of freedom.
Wi=evi+6iiln -l;il-+Bjln( pX*) (6)
    Although a set of two equations was to be estimated in each
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Table 1 Estimated Parameters for the Non-farm Households in Taiwan
           ParameterEstimatedValues StandardErrors
 Food
 Equation
               a, o.g26 o.ogo              6,, -O.073 O.072              B, -O.116 O.O17                                       R2 O.95
                                      D-W 1.61
 Rice
 Equation
               di O.647 O.048              (S,, O.098 O.O14              B, -O.145 O.013                                       R2 O.99
                                      D-W 1.42
Table 2 Estimated Parameters for the Farm Households in Taiwan
           ParameterEstimatedValues StandardErrors
 Food
 Equation
               a, e.go3 o.lo2              6,, O.033 O.081              B, -O,113 O.020                                       R2 O.93
                                      D-W 2,28
 Rice
 Equation               a, o.sog o.ogl              (S,, O.095 O.022              B, -0.186 O.025                                       R2 O.99
                                      D-W 2.69
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Table 3
Food
Rice
Price and Expenditure Elasticities of Food and Rice Demand
    for the Non-farm Households in Taiwan
Price/Expenditure
Own Price
Non-food Price
Expenditure(with mean values)
Expenditure(with recent values)
Own Price
Non-rice Price
Expenditure(with mean values)
Expenditure(with recent values)
Ma shallian Elasticities
-O. 68
 O. 41
O. 67
 O. 60
-O. 04
 0. 13
-O. 21
-L 46
Table 4
Food
Rice
Price and Expenditure Elasticities of Food and Rice Demand
      for the Farm Households in Taiwan
Price/Expenditure
Own Price
Non-food Price
Expenditure(with mean values)
Expenditure(with recent values)
Own Price
Non-rice Price
Expenditure(with mean values)
Expenditure(with recent values)
Ma shallian Elasticities
-O. 81
 O. 08
O. 72
 O. 67
-O. 32
 O. 29
0. 02
-L 07
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stage, only a single equation was estimated for singularity reasons.
Because of the existence of autocorrelation, the error term was
assumed to have the the first-order autoregressive form.
   The estimation results are presented in Tables 1 and 2. The
calculated elasticities are listed in Tables 3 and 4. R2s are generally
high and the parameters are significantly different from zero for both
non-farm and farm household data. All the elasticities have the
expected signs and reasonable magnitudes.
   All own price elasticities are negative and all cross price elastic-
ities are positive. The total rice expenditure elasticities are negative
for the non-farm households and is positive with the mean values for
the farm households and negative with the most recent values. The
total expenditure elasticities of rice for the non-farm households are
found to be -0.14 for the mean values and -O.88 for the most recent
values. The farm households data exhibited the rice total expendi-
ture elasticities of O.01 with the mean values and -O.73 with the most
recent values. For both non-farm and farm households, a declining
trend in total expenditure elasticity is observed over time. The
change of the sign from positive to negative for the farm households
was happened in the early 1980s. The timing of this change is much
later than the case of Japan. Still now the non-farm households show
a slightly larger total expenditure elasticity to the negative direction.
The degree of rice becoming an inferior good is observed to be larger
for the non-farm households.
Conclusion
   The drastic decline in per capita rice consumption in Taiwan was
observed over the past 15 years. The expenditure elasticities were
found in this econometric analysis to be declining over the same time
period for the non-farm and farm households in the country. This
gives an implication that rice is becoming an inferior good in Taiwan.
The change in the values of expenditure elasticities is identified as an
explanatory factor of the decline in per capita consumption of rice
there.
   In order to further specify other factors determining the declin-
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ing trend of per capita consumption of rice in this emerging economy
and to derive useful implications for other Asian countries, a study
dealing with non-economic factors such as the impacts of urbaniza-
tion and the changes in life style in both types of households should
be undertaken as a next step to this present study.
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